Abstract: An extracellular alkaline protease-producing Vibrio sp. was isolated from mangrove sediments of Vellar estuary. A 9.36-fold purification was achieved by a three-step purification procedure and the molecular weight of the enzyme was determined as 33 kDa by SDS-PAGE. The enzyme was active in a broad range of pH (6.0-11.0) and temperature (30-70
Introduction
Microbial proteases represent one of the three largest groups of industrial enzymes and account for approximately 60% of the total enzyme sale in the world (Turk 2006; Teixera et al. 2009; Eltayib et al. 2010) . They have diverse applications in a variety of industries, such as detergent, food, pharmaceutical, leather, silk and for recovery of silver from used X-ray films (Manachini & Fortina 1998; Moriera et al. 2002; Tunga et al. 2003) . Other application potentials of these enzymes depend on the nature of catalytic activity with respect to the reactant medium, which led to the classification of proteases as acidic, neutral and alkaline ones (Bayoumi & Bahobil 2011) . Among this group of enzymes, alkaline proteases are one of the most extensively studied groups of enzymes because of their use in many industries. Neutral and alkaline proteases hold great potential for application in the detergent and leather tanning industries due to its increasing trend in developing environmentfriendly technologies (Rao et al. 1998) .
Alkaline protease is of particular interest owing to its primary applications in the detergent industry as a cleaning additive (Johnvesly & Naik 2001; Mei & Jiang 2005) . The performance of alkaline protease is influenced by several factors, such as pH of washing solution, wash temperature and composition of detergents. Many studies have been made on alkaline proteases from high yielding strains. However, only very limited reports are available on the compatibility of the alkaline proteases with detergent ingredients (Durham 1987; Samel & Karan 1990; Phadatare et al. 1993; Mei & Jiang 2005) . The demand of highly active preparations of proteolytic enzymes with appropriate specificity and stability with a wide range of pH, temperature and retention of activity in the presence of ions, surfactants and organic solvents continues to stimulate the search for new enzyme sources (Doddapaneni et al. 2007) .
Hence, in the quest for a novel alkaline protease producer, the present study was carried out with the objective to screen and identify protease producing isolates from the mangrove environment, optimize the culture conditions for enzyme production and characterize the enzyme.
Material and methods

Microorganism and culture conditions
Bacteria isolated from mangrove sediments of Vellar estuary (Lat. 11 • 30 N, Long. 79
• 46 E), Tamil Nadu, India, was screened for gelatinase and caseinase production on c 2012 Institute of Molecular Biology, Slovak Academy of Sciences gelatin agar and casein agar medium of Harrigan & McCance (1972) , respectively. Individual colonies showing clear zones of gelatin and casein hydrolysis were picked and grown in liquid culture. The isolate producing the maximum protease was identified as Vibrio sp. by morphological and biochemical characteristics and confirmed by 16S rDNA analysis. Protease production was carried out in a medium of the following composition: 10 g of casein, 1 g of peptone, 4 g of maltose, 5 g of NaCl, 0.05 g of CaCl2 and 0.05 g of MgSO4 in 1000 mL of water (pH 9). Cultures were incubated on a shaker (125 rpm) for 48 h at 37
• C. The growth kinetics and the enzyme production were measured at different time intervals. Samples were withdrawn aseptically every 6 h and bacterial growth, along with enzyme activity, was measured by the spectrometric method. The culture was centrifuged at 6,000×g for 15 min at 4
• C. The culture supernatant obtained was used as the crude enzyme source.
16S rDNA sequencing A molecular identification of the isolate was achieved by 16S rDNA sequencing. The extraction and purification of DNA were carried out by the phenol chloroform method (Marmur 1961; Kocabiyik & Caba 1998) . The primer sequences were chosen from the conserved regions as reported earlier for the bacterial 16S rDNA (Marchesi et al. 1998) . Sequencing was done using the forward primer (5'-CAGGCCTAACACATGCAAGTC-3') and reverse primer (5'-GGGCGGTGTGTACAAGGC-3'). PCR reactions were performed with the following program for the 16S rDNA gene: 30 cycles consisting of 95
• C for 1 min, 55
• C for 1 min and 72
• C for 1.5 min, followed by a final extension step of 5 min at 72
• C. The 16S rDNA sequence was analyzed by an automated DNA sequencer (MegaBACE, Germany). The sequence was also analyzed for homology using Clustal X software (Larkin et al. 2007) . A phylogenetic tree was constructed by using the neighbor-joining DNA distance algorithm (Saitou & Nei 1987) .
Purification of the protease
To 500 mL of the culture supernatant, solid ammonium sulphate was added to 60% saturation, which was stirred for 30 min and allowed to stand overnight at 4
• C. The precipitate was harvested by centrifugation at 6,000×g for 15 min, dissolved in 50 mM Tris-HCl buffer and dialyzed against the same buffer overnight (4 • C). The dialyzed sample was then assayed for protease activity and protein content. The dialyzed enzyme was loaded at a flow rate of 0.5 mL/min onto an anion exchange column (DEAE-Cellulose) (5 cm × 20 cm) previously equilibrated with Tris-HCl buffer. The column was washed with 50 mM Tris-HCl buffer (pH 9) and bound proteins were eluted with linear gradients of NaCl ranging from 0 to 1 M at a flow rate of 0.5 mL/min. Fractions (3.0 mL) were collected and assayed for protease activity by using casein as a substrate. Positive fractions were pooled together, dialyzed overnight against 50 mM Tris-HCl buffer (pH 9).
Protease assay
Protease activity was assayed by using casein as a substrate (Kunitz 1947) . The diluted enzyme (200 µL) was mixed with an equal amount of reaction mixture containing 100 µL TrisHCl buffer (50 mM, pH 9.0) and 100 µL of 1% casein solution. After an incubation of 30 min at 40
• C, the reaction was terminated by the addition of 400 µL of 10% trichloroacetic acid solution. The non-hydrolyzed casein was precipitated by centrifugation at 3,000 rpm for 15 min. The absorbance of the supernatant was measured at 280 nm and the peptide concentration of the supernatant was determined using tyrosine as a standard. One unit of protease activity was defined as the amount of the enzyme required to liberate 1 µmol of tyrosine per minute at pH 9.0 and temperature 40
Protein estimation
Protein content in the crude and purified enzyme was determined according to the method described by Lowry et al. (1951) with bovine serum albumin (Hi-Media Chemical Laboratories, India) as a standard.
Native PAGE and SDS-PAGE Native PAGE was performed by the method described by Davis (1964) in a 7.5% (w/v) polyacrylamide gel with Tris/glycine buffer (pH 8.3). SDS-PAGE was performed to estimate the molecular weight of the purified protein using 5% stacking gel and 12% resolving gel according to the method of Laemmli (1970) and electrophoresis was performed with 15 mA fixed current. Molecular weight was estimated by comparing the relative mobility of proteins of different molecular size using a standard molecular weight marker (205, 97.4, 66, 43 and 29 kDa) (Genei; Bangalore, India).
Effect of pH on activity and stability of protease Relative protease activity of the purified enzyme was measured at different pH values with 1% of casein (w/v) as the substrate using 100 mM sodium acetate (pH 3.0-5.0), 0.05 M potassium phosphate (pH 6.0-8.0); 0.05 M Tris-HCl (pH 8.0-9.0) and 0.05 M glycine-NaOH (pH 9.0-12.0) buffer. Optimum pH was studied using standard assay conditions. For pH stability studies, relative activity (%) of protease was determined at different pH values (5-12) after incubating the enzyme in different buffers. Aliquots were withdrawn and proteolytic activity was determined by the standard assay.
Effect of temperature on activity and stability Optimum temperature was determined by incubating the reaction mixture (enzyme + substrate) at different temperature (20-80
• C) at pH 9.0. The thermal stability of the enzyme was investigated by incubating the enzyme at different temperature (20-95
• C) for 1 h. Samples were periodically withdrawn for determining the residual activity (%) under standard assay conditions. The non-heated enzyme was considered as the control (100%).
Effect of metal ions on activity of purified enzyme Reaction mixture was prepared by dissolving purified protease in 100 mM Tris-chloride buffer (pH 8.5). The effect of metal ions like Mn
2+ and Ni 2+ (5.0 mM each) were determined by adding them into reaction mixture and incubating for 30 min and the residual activity was measured. Effect of chelating agent EDTA (0.5% w/v) was determined by pre-incubation with the enzyme solution for 30 min at 37
• C and the residual activity was measured.
Effect of oxidizing and reducing agents and detergents on stability of purified enzyme To investigate the effect of oxidizing and reducing agents on enzyme stability, both types of agents (β-mercaptoethanol as reducing agent and hydrogen peroxide as oxidizing agent) were added to the enzyme mixture at a final concentration of 10 mM. The detergents (SDS, Triton-X-100 and Tween-80) were added at a final concentration of 1% (v/v). The compatibility of protease activity was checked in the presence of 1% (w/v) solution of some commercial detergents available in India (Ariel, Rin, Henko and Surf). All the mixtures were pre-incubated at 37
• C for 1 h and then assayed for protease activity.
Effect of organic solvents on stability of purified enzyme The stability of enzyme in the presence of organic solvents was studied by incubating the purified protease for 4 h at 60
• C with various organic solvents, such as xylene, isopropanol, hexane and benzene (0.1%, 0.5% v/v) (1 mL). After incubation, casein was added and aliquots were withdrawn at desired time intervals to test the residual activity. A control was also maintained in parallel without adding any chemicals.
Results and discussion
Microorganisms
Morphological observations showed that the alkaline protease producing bacteria was motile, gram-negative, curved rod-shaped bacteria forming no capsule and spores. On alkaline agar with 3% NaCl, colonies were larger (from 6 to 9 mm), irregular in shape, transparent or opaque with a wavy margin. On 1.5% nutrient agar with 3% NaCl, the strain grew as a continuous film (swarming). On blue agar medium containing sucrose and bromo-thymol blue, colonies were bright yellow up to 6 mm in diameter. According to the Bergey's manual of Determinative Bacteriology (Holt et al. 1994) , and based on the results of morphological and biochemical tests performed (Table 1) , the strain was tentatively named as Vibrio sp. To confirm the identity of the isolate, PCR amplification and sequencing of the 16S rDNA gene were done. The phylogenetic tree ( Fig. 1) constructed by the neighbour-joining method indicated that the isolate was part of the cluster within the genus Vibrio sp. and sequence was submitted to GenBank (Benson et al. 2012 ) under the accession number FJ862053.
Enzyme purification and molecular weight Enzyme production started after 6 h of incubation and reached its maximum by 36 h (124 U/mL) (Fig. 2) , when the cell growth was also in its maximum. After 36 h, there was no increase in enzyme concentration with a sequential decline in the cell growth which indicated that protease production of the Vibrio strain was growth-dependent.
The results of the purification of the protease from the isolate Vibrio sp. are summarized in Table 2 . With ammonium sulphate precipitation, this protease attained 6.11-fold purification and 43% recovery and finally, the purified enzyme attained specific activity of 99.2 U/mg with 22.3% recovery. The results are in agreement with the previously reported proteases from Vibrio fluvialis (Venugopal & Saramma 2006) and Aspergillus parasiticus (Tunga et al. 2003) . Purified protease migrated as a single band in SDS-PAGE under reducing conditions, suggesting that the purified protease was homogeneous. The apparent molecular weight of the purified protease as revealed by SDS-PAGE is about 33 kDa (Fig. 3) . The molecular weight of this protease is comparatively lower than the other proteases reported elsewhere (Miyoshi et al. 2002; Karadzic et al. 2004; Venugopal & Saramma 2006; Akel et al. 2009 ).
Effect of temperature on activity and stability of the protease The enzyme was active in a wide range of temperatures between 30 and 70
• C, and the optimum activity was found at 55
• C (Fig. 4) . At 60
• C also it was almost equal. It had more than 85% of the activity at 45 Fig. 4 . Effect of temperature on the activity and stability of the protease. Activity is expressed in enzyme units and stability is expressed in % of retained activity. C. Very few reports are available on proteases, which are active in the wide range of temperature variation (Joo et al. 2002; Venugopal & Saramma 2006; Wang et al. 2007; Patil et al. 2010) . Regarding thermostability, protease was 100% stable up to 60
• C for 1 h and it retained more than 80% at 70
• C for 30 min (Fig. 5) . At 90
• C, it lost more than 80% activity and it retained only 13%. Protease from this Vibrio sp. was highly stable compared to other proteases from Vibrio sp. (Tamiya & Nakamura 1996; Karadzic et al. 2004; Wang et al. 2007 ).
Effect of pH on enzyme activity and stability The protease from Vibrio sp. was active between wide ranges of pH between 5 and 11, and it achieved its optimum activity at pH 9 (Fig. 6 ). It exhibited 87% activity at pH 11.0 and 50% at pH 5.0. This is comparatively high with the protease from Vibrio fluvialis Fig. 6 . Effect of pH on the activity and stability of the protease. Activity is expressed in enzyme units and stability is expressed in % of retained activity. Table 3 . Effect of metal ions on the enzyme activity at 5 mM concentration.
Metals
Residual activity (%) VM 10 (Venugopal & Saramma 2006) with an optimum pH at 8.0, Vibrio fluvialis TKU005 (Wang et al. 2007 ) active at 7.5 and Aspergillus parasiticus (Tunga et al. 2003) protease, which was active at pH 8. The enzyme was also found highly stable with regard to pH range of 8-10, with the maximum stability of 100% at pH 9, 87% at pH 8 and 78% at pH 10. This is comparatively higher than most of the other proteases reported earlier (Kumar & Takagi 1999; Ghorbel et al. 2003) . Based on these promising results it is found that the protease was thermostable alkaline enzyme.
Effect of metal ions on enzyme activity
The effect of various metal ions on the activity of purified enzyme is shown in Table 3 . Ca 2+ , Fe 2+ and Mn
2+
were found to enhance the enzyme activity, whereas Co 2+ , Cu 2+ , Ni 2+ and Hg 2+ inhibited the enzyme activity; all the other metals being found to neither enhance nor inhibit the enzyme activity. The inhibition by metals may be because the metal ions not only affect the active site of protease, but also the non-catalytic protein-binding region, which is involved in the efficient hydrolysis of the substrate. The enzyme based detergent compatibility studies showed the resistance Effect of detergents, oxidizing and reducing agents on activity of purified enzyme The activity of protease from Vibrio sp. was highly stable with H 2 O 2 (102%) and was slightly inhibited by β-mercaptoethanol (66%) at 1% concentration. Only very few reports are available on bleach stable enzymes (Gupta et al. 2002; Moriera et al. 2002) . The stability towards the anionic detergent SDS was high (126%); it is important because the SDS-stable enzyme are also not generally available, except a few (Deane et al. 1987; Oberoi et al. 2001) . The enzyme had 93% and 96% activity after being treated with Triton-X-100 and Tween-80, respectively (Table 4) , an observation quite comparable to Vibrio fluvialis TKU005 (Wang et al. 2007) and Streptomyces strain (Seong et al. 2004) . Enzymes are usually inactivated by the addition of surfactants to the reaction solution. But the protease from Vibrio sp showed considerable stability with the commercial detergents (Table 5 ). It retained 64% activity after incubating with Ariel and Henko, 51% with Rin, 50% with Surf and 42% with Tide. The enzyme had maximum stability with Ariel and Henko.
Effect of organic solvents on stability of purified enzyme Another remarkable feature of the present protease is its activity and stability in the presence of organic solvents. Hexane at 0.1% concentration stimulated the enzyme activity (112%) and in the presence of iso- propanol, 56% activity was decreased to 40%. Xylene (85%) and benzene (67%) slightly inhibited enzyme activity at 0.5% concentration (Table 6 ). However, only a few studies have been made on organic solvent stable proteases, such as those from Pseudomonas aeruginosa (Ogino et al. 1999; Geok et al. 2003) , which was stable in the presence of organic and water immiscible solvents. Metalloprotease with molecular mass of 38 kDa produced by a marine Vibrio sp. T1800 was quite stable in the presence of ethanol (Oda et al. 1996) and the thermostable protease from a Bacillus sp. was also stable in the presence of solvents, including methanol, petroleum and ethanol (Kumar & Bhalla 2004) .
Conclusions
The results presented above depict that the present protease was active in a broad range of pH (6.0-11.0) and temperature (30-70
• C), the optimum being at pH 9.0 and temperature 55 • C. It was found stable at alkaline pH range of 9-11 and up to a temperature of 60
• C, after incubation for 1 h. Co 2+ , Hg 2+ and Cu 2+ inhibited the enzyme activity, whereas Fe 2+ , Ca 2+ and Mn 2+ were found to enhance the activity. The protease was found to be highly stable in the presence of oxidizing agents like H 2 O 2 , detergents such as SDS, and Triton-X-100 and also some of the commonly used commercial detergents. Thus, the outstanding activity and stability of the alkaline protease from Vibrio sp. to higher temperature and pH, the detergent compatibility, stability to surfactants, oxidizing and reducing agents, as well as organic solvents make this enzyme to be candidate for use as an effective additive to detergent formulation.
